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COMPLETE SPECIFICATION 



New Epoxy Ethers, their preparation and Cured Products 
obtained therefrom 

^ We, Shell Internatiomale Research Maatschappij N.V., a company organ- 
"»^^r the laws of the Netherlands, of 30 Carol van Bylandtlaan, The Hague, 
ihe Netherlands, do hereby declare the invention, for which we pray that a patent may 
be granted to us, and the method by which it is to be performed, to be particularly 
described in and by the following statement: — 

This invention relates to new epoxy ethers of substituted polyhydric phenols, to 
their preparation and utilization, particularly in the formation of valuble cured pro- 
ducts. 

Epoxy ethers of unsubstituted polyhydric phenols, such as glycidyl ethers of 2,2-bis (4- 
liydroxyphenyl)propane, have been in commercial use for some time. They find wide 
rl^ preparation of surface coatings, adhesives, mouldings and castings and the 

like. These materials, however, have certain disadvantages which have limited their 
applications. It has been found, for example, that considerable time is required to cure 
the rcsms at the lower temperatures. This prevents their use for certain types of coat- 
ings such as those to be applied to roads, and the like. In addition, the cured resins do 
not have the heat resistance required for the new applications in missiles and rocketry. 

According to the invention we provide, as new compounds, a polyglycidyl ether of the 
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wherein x is an integer from 0 to 10 and at least one of the p-phcnylene radicals is sub- 
stituted with a methylol group, no other substituents being present. Preferably x is from 
0 to 5. Preferably the polyglycidyl ether has from 1-4 methylol groups per molecule. 
Preferred glycidyl ethers are represented by the formula : 
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25 wherein R is a bivalent 
1/V/iv 4s. 6d,\ 
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I'i;^ CI/. K| k.; 

j.n.iip wIu M ni K, .uul K. :iiv liyilrDi^Mi or iiu'ilivlol j'.inup?. ami x is a number (mm 0 in 
\{) Willi ihr priviso that in at haM oiu- K at Irasl one K. is a methylnl t;roup, aiKl jiar 
titnlaily prrlcirni arr onnponntls of the alH)ve lornnila wlicrcin x is a mnnlx-r fiom 0 
to *i anil < :u !» K is a nu ihylo] snbstitulcd 
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^' * 'Vlie now glycidyl cihcrs of tl:j present iiivcniioii may be exemplified by the follow 

dlKlycidyl clhcr of 2 - (^ ~ nuihylnl A - hydroxyplicnyl)- 2 - (4 - hydroxy 10 
phenyl)nropano, di^lycidyl ether of 2,2 - !ms(^ ~ nieihylol 4 - hydmxyphcnyl;proi)aiu\ 
dlKlycidyl ether of 2,2 - bis(^,^ - dimcthyiol - 4 - hydroxyphcnyl)propanc. 

It has been found that these new Kly^*it*yl i-'lhers have quite difecnt properties 
from the unsubslituted epoxy ethers and meet many of the present needs of the cpoxy 
rcsiii industry It has turned out, for example, that these epoxy ethers have surpnsinKly 
fast reaction at low temperatures, pariiailarly in combination with polyamincs, iind can 
be cured with these materials at u rate which is from 4 to 10 or more times faster than 
tlie conventional epoxy resins. The surprising property permits the new cpoxy ethers to 
be ttsed for a wide variety of different applicalions, particularly in the coating and 
20 surface industries. In addition, it has been found that the cured products obtained by -iu 
reacting the new cpoxy cihcrs with ciirinj? agent, and particularly the aroniaiic poly- 
nmins curing ugent, huve unexpectedly Ui^h heat distortion points. The hcai distortion 
points in many cases arc from 5()"C to 150"C higher than those obtained under similar 
conditions with the unsubstituted glycidyl ethers. This surprising property permits the 
25 new cpoxy ethers to be used for important casting and moulding operations and jn the 

formation of reinforced composites, such as in the lilanient winding and laminating m- 
dustries. u- 

The new glycidyl ethers of the invention can be prepared by reacting a 2,2-bis(4- 
hydroxyphcnyl)propane substituted on an aromatic ring with as only substituent at 
30 least one methylol group per molecule with cpichlorohydrin or <r-dichlorohydrin in a 30 
mole ratio of at least 1 : IJ in the presence of an alkaline material. The formation of 
the new cpoxy ethers in this manner was surprising in that it was expected that the 
methylol group would react with the cpoxy-forming materia! and would not remain as 
such. However, surprisingly, high yields of the desired epoxy ether with the methylol 
35 group or groups unreacted were obtained by this new technique. 35 
Examples of the above-described methylol-substltutcd phenols arc 2 - (3 - 
methylol - 4 - hydroxyphenyl) - 2 - (4 - hydroxyphcnyl)propanc; 2,2 - bis - {3 - 
methylol - 4 - hydroxyphcnyl)propane; and 2,2 - bis(3,5 - dimcthyiol - 4 - hydroxy - 
phenyl)propane. These methylol-substituted phenols can be prepared by reacting 2,2 - 
40 bis(4 - hydroxyphenyl)propane with formaldehyde, preferably used as a 37% aqueous 40 
formaline solution, in the presence of an alkaline catalyst, such as sodium hydroxide, at 
temperatures ranging preferably from room temperature to lOO^C. The formaldehyde 
and phenol are preferably combined in such quantities as to furnish approximately on 
mol up to 5 — 10% excess of formaldehyde for every ring carbon atom to be reacted. 
45 Thus, the mono-methylol-substituted products are obtained by the use of the rcactants 45 
on a mol per mol basis, while the dimethylol-substiluted products are obtained by 
using 2 mols of formaldehyde per mol of the phenol. 

Solvents such as methanol, ethanol, water-alcohol mixtures, ketones and the like 
may be used in the reaction, for example, in amounts from 10 to 60% by weight of 
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the reactants. After the reaction the alkaline catalyst can be neutralized by the addition 
ot an acid, such as dilute sulphuric acid or dilute hydrochloric acid, and the solvent 
can be removed by distillation. 

The reaction of the methylol-substituted 2,2 - bis(4 - hydroxyphenyl)propane 
> with epichlorohydnn or « - dichlorohydrin is preferably conducted in the presence of 5 

only small amounts of water. This may, for example, be accomplished by adding epi- 
cmorohydrin to the aqueous reaction mixture containing the phenolic material as des- 
cribed above, allowing the mixture to form an aqueous and organic phase and then 
aiscardmg the aqueous phase. 
10 The amount of the polyhydric phenol and the epoxy-forming material to be em- 10 

ployed the reaction will vary depending upon the type of product desired. If simple 
monomenc type products are desired, the phenol and epoxv-forming material are pre- 
ferably reacted in mole ratios varying from 1 : 2 to 1 : 10." If higher molecular weight 
hydroxy-contammg products are desired, the epoxy-forming materials are used in 
13 smaller amounts and the mole ratio varies from 1 : 1.1 to 1 : 2. 15 
The desired alkalinity is obtained by adding basic substances preferably an alkali 
hydroxide, such as sodium or potassium hydroxide. The alkali is employed in at least 
chemical equivalent amount, e.g., one mole of alkali for every phenolic OH group to be 
reacted and is preferably used in a slight excess up to 5 %. 

The above reaction is preferably conducted by heating the mixture at tempera- 20 
io<^o^^A^^°^ ^^^"^ ^^""C to 150°C and more preferably from about 60°C to 

desired ^"^^^P*^^"^' supcratmospheric or subatmospheric pressures may be utilized as 

The water formed in the reaction may be removed during or at the end of the 
25 reaaion. At the complenon of the reaction, the water and excess reactants such as 25 
excess epichlorohydrin are preferably removed by distiUation and the residue that re- 
mains then treated with an appropriate solvent, such as benzene, and filtered to re- 
move the salt. The product that remains may then be purified by any suitable method 
such as extraction, distillation, and the like. ^ j j , 

-ru "^^^ ^P^?^ ^^^^^ present invention are fluid or viscous liquids to solids. 30 

I hey have more than one epoxy group per molecule and are substantiaUy free of chlo- 
rine, i.e., contain less than 1% to 2% chlorine. In addition to the active epoxy groups 
the new ethers have at least one highly reactive methylol group which may undergo 
turther reaction The new epoxy ethers are in general soluble in most solvents, such 
» as ketones, alcohols and liquid hydrocarbons and are compatible with many synthetic 35 
oils and resins. ^ ^ 

For certain applications it is sometimes desirable to have higher molecular weight 
epoxy resins Such products may be obtained by varying the amount of the methyiol- 
subsptuted 2,2 - bis(4 - hydroxyphenyI)propane and epichlorohydrin in the alkaline 
40 medimi as described above, or by reacting a diglycidyl ether of methylol-substituted 40 
2,2 - bis(4 - hydroxyphenyl)propanc with a less than equivalent amount of 2,2 - bisC4 - 
hydroxyphenyl)propane. In this case the phenolic hydroxyl groups react with eooxv 
groups to form ^ ^ 

OH 

— CH,— CH— CHo— 

45 groups. 

The new epoxy ethers and their higher molecular weight derivatives may be poly- 
menzed through the epoxy group to form valuable polymeric products They mav be 
polymerized alone or with other polyepoxide materials in a variety of different pro- 
^^^l?"/'u for example, with amounts of other polyepoxides varying from 5% 

to 59/0 by weight. Polyepoxides that may be copolymerized with these new epoxides 50 
include among others, glycidyl polyethers of polyhydric phenols obtained by reacting 
polyhydric phenols, such as bisphenol, resorcinol, and the like, with an excess of chlorot 
hyann, such as epichlorohydrin, polyepoxide polyihers obtained by reacting an alkane 
polyol, such as glycerol and sorbitol, with epichlorohydrin and dehydrohalogenatinc 
the resulting product, polymers prepared from ethylenically unsaturated epoxides, such 5s 
as allyl glycidyl ether, alone or with other ethylenically unsaturated monomers, and 
polyepoxide polyethers obtained by reacting a polyhydric alcohol or polyhydric phenol 
with any of the above-described polyepoxides. The glycidyl polyethers of polyhydric 
<n E A- obtamed by condensing the polyethers of polyhydric phenols with epichloro- 
00 hydnn as descnbed arc also referred to as "ethoxylinc" resins. 

A great variety of different curing agents may be employed in effecting the above- 
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ilfMiihnl honi.. .iin\ i i)pi»lynuTi/...l i.>n. Sii. Ii Ayrnts iiu hulc, aimuij- oilicis, t ;ulu»xvli« 
;Mi4ls nr :mliytlmlrs. surh :«s oxalic ... h1, phth ilK ^nil.v<lrKlr ; I-nrcirl alls metal 
iilrs Mhh as aliiininiiiin cliUuiilr, /in. rhlnn.lr, Irnic chlnriJc .w Im.rmi inilMurulr a-. 
wrir:n roniplcx*-. llu rrol wilh rth. r.. aud ai i! krl.uirs, (iia/oniuin sails, i^lm-. 
nlioru- ucid niul paMial rsins ihrtrnl iiuhulin'; n hmvl orthopliosphatc, diclliyl (>m1h< 
plioNphair ai)(l h. x.uMliyl tctiaplM.spliat.-, ainiiio c MripoiiiM Is, siu li as li JtMliylainmr. 
rlliYlriic {liarinnc tlHMliylaniiiic, cli( vaiKliainiHc, nu-!anHiir; and sails oi iiiniy,anu a. ids. 
Midi ns /iiu li.jiimiair, polassi.im prr snlphatc, nid.rl lluoboialr, i npprr fluolxnalr, 
M-lriiiui.i (ln.)h..rafr, nia;'iHsinm llnolinratr, (in lhi..lK.iatr, pelassnim pcrdihualr, 
tiipr-K sulphali". ciipric ph(Kspl)aic, cuprif pluisphiic. iiiai'iicsiuin arsiMialr, u\:\y,ncst\m\ 
sulphate l adiiiiimi arsi iialr, caifiniiiiii silic atr, aluininiinii lluobnralc, trrnuis su phair. 
Icrn.us silit alc, nvMx^.inc^.c hypi^ihospliiie, nii kc l |)lH.sphalr and nu kri dilniaic, liydia 
/ides, pnlynu napians, urea lorniaklchytli' :nul phennl InimaMrhyclr condensaics aiul 
llif like and niixlnn s iliereof. , 

Examples ol oilier i iiriiij-, ai;ents inelnde llie ainmatie amines, mkIi as lor rx 
ample, d.amiundipheiiylnietliane, p,p' jutiinodipli-nylMill'lione. 1 mnniiobcnzene. 
nrllio nieia aiul i^araphenylene diamine, nirlliylene dianilinr, diaiiiiiiololuene duimiiio 
(liphenyl, diaminostilhenc, 1,3 diamino - 4 - iMopropvlbenzeiK-, and - diamino 4, 
S • diftliylhcnzem- ami ibc like, and mixtuiVK ihrieof. . . - 

ICxumpk's of other Lurinj'. agents iiitinde the amini) hydrogen-containinj^ j>oly 
amities ohlaimrd from polymeric iin.satnraicd fully aeiiiji such as dimen/ed or trnncr 
izcd linoloic acid by reacting tliem wilh aliphatic polyamnies such as diclhylene in 
nmiiir, tricthylene letramine and ihc like. Other examples include the N - annno- 
alkylpipcrazincs, such as N - aniinoetliylpipera/ines, the acelone-solnbic addiicis ol 
iiionoepoxides and polyamines, the acclonc-soUiblc uddncls of polyepoxides and mono 
nniincs, tlie acetone-soluble udducts of polyuiniiics and unsaturated nitnles, aliphatic 
polyamines of the formula 

II.N(RNn)Jl ^ ^. ^ , 

wherein K is an alkylene radical and n is an integer of ni least onj such as diclhylene 
triamiiie, triethylenc tetramine, leiraethylene pcniamme and the like, as well as other 
amines, such as N,N' - diethyl - 1>3 - propancdiamine, teirn(I,:^ - dimcthylpropylcncv^ 

pcntaminc and the like. , . u a -a 

Other examples include ihe anhydrides, such as teirahydrophihalic anhydride, 
methyl Nadic anhydride (Nadic is a 'i'rade Mark), chlorendic anhydride, pyroniclliiic 
anhydride, irimelhiic anhydrid.% plilhalic anhydride, succinic anhydride, malcic anhy- 
dride, octiidecenylsuccinic anhydride and the like, and mixtures thereof. 

Other examples inchidc the boron trifluoride complexes with aliphatic or arornatic 
amines such as BF„ - clhylamine, BF, - dicihylaminc, BF, - aniline addition products 
and the like. ^ . . . , 

The amount of the curing agcniji employed may vary over a considerable range 
depending upon the agent selected. With catalytic-type curing agents one preferably 
employs from about 0.1% to 10% by weight of the material being cured. With curing 
agents having replaceable hydrogen, such as the amine agents, which enter the reaction, 
amounts of agent employed vary from about 0.6 to 1.5 equivalent proportions, i.e., an 
equivalent proportion being sufficient curing agent to furnish a replaceable hydrogen 
atom for every cpoxy group to be reacted. In general, satisfactory cures arc obtained 
with amounts varying from 1% to 25% by weight of the material being polynienzcd. 

The cpoxy ethers and their high molecular weight derivatives may also be cured 
through the hydroxy group by the addition of appropriate amounts, e.g., 1 / to 25 / 
by weight of polybasic acids or anhydrides or polyisocyantes. 

The curing is preferably effected by mixing the curing a^ent with the cpoxy ether 
at temperatures ranging from about 0°C to 200°C. The curing is accelerated by heat 
and when fast cures are desired, temperatures ranging from about 50^C to 200 C arc 
ussd. However, as noted above, one of the great advantages of the new cpoxy com- 



us:a. However, as hulcu auuvc, uiit — j - 

pounds is their ability to cure at low temperatures. In this case, the cure is prcfcrawy 
effected at temperatures of about 0°C to 60°C and still more preferably at 20°C to 
50OQ 

in some cases, and particularly in the preparation of castings, the new cpoxy ethers 
will be soft to brittle solids and it may be advantageous to employ some type of diluent 
during their utilization. These diluents are preferably of the reactive type, i.c., those 
which may enter die reaction. Examples of these include the monoglycidyl compounds, 
such as the alkyl glycidyl ethers as butyl glycidyl ethers or aryl glycidyl ediers as phenyl 
glycidyl ether. Other examples include the glycidyl ethers of dihydropyranalkanols, 
acetonitrile, acrylonitrile, as well as fluid polycpoxidc materials such as diglycidyi 



1,083,594 



aniline. These materials are preferably used in amounts from about 0.1% to as IriBh 
as or higher than 30% by weight. ^ 
It was surprisingly found that with many of the above-noted diluents, the diluent 
m moderate amount docs not destroy any of the superior properties but pennits such 

5 properties to be obtained without any detrimental effect. This is shown in the examples 5 
at the end of the specification. 

If the epoxy ethers and their higher molecular weight derivatives are to be used in 
the preparation of castings or pottings, the curing agent and the epoxy material are 
generally combined together and then poured into the desired mould or castmg con- 

10 taming the electrical wires or apparatus and the mixture heated to effect the cure. 10 
^ The jcx epoxy ethers of the invention and tiieir higher molecular weight deriv- 
auvcs are particularly suitable, because of their fast rate of cure at the lower temper- 
atur^, for the preparation of surface coating compositions. In utilizing the products 
for this application, it is generally desirable to combine the epoxy resin and curing 

15 agent with the desired solvent or diluent, and, if desired, other f kn-forming materials, 15 
extenders, fillers or driers, and then apply the resulting mixture to the surface to be 
coated. Film-forming materials that can be used widi the epoxy material in this man- 
ner mclude the drymg oils, such as tung oil, linseed oil, dehydrated castor oil soya- 
bean oil and the like; cellulose derivatives such as cellulose nitrate, cellulose acetate, 

20 cellulose acetate butyrate, ethyl cellulose and mixtures thereof; the vinyl polymers, 20 
such as polymers of vinyl chloride, vinylidene chloride, acrylonitrae, acrylates, diallyl 
phthalate, ethylene, propylene, butylene, rubbery polymers from butadiene and iso- 
prene and the like; coal tars, pine oils, and asphalts and odier types of bituminous 
materials. The coatings prepared in this manner my be allowed to set hard at room 

25 temperature or heat may be applied to hasten the cure. 

The higher molecular weight hydroxy-containing derivatives of the epoxy resin 
descnbed above are particularly suited for use in preparing coating compositions as 
they may be reacted through the hydroxyl group or groups with drying oil fatty acids 
or may be cured through die hydroxyl groups with compounds such as urea or oolv- 

30 isocyanates. ^ ^ 

The new epoxy resins and higher molecular weight derivatives may also be em- 
ployed with appropriate curing agents in the preparation of valuable adhesives and 
laminating compositions. In uulizing the products in these applications, it is generally 
desirable to combine the epoxy resins with fillers and curing agents and then use the 
spreadab. fluid as adhesive for materials, such as wood, plastic, metal and the like. 

In addition, the new epoxy ethers may be used as stabilizing agents for various 
halogen-containing polymers, and particularly the vinyl halide polymers These pro- 
ducts may be used as stabilizers, alone or in combination with other stabilizing agents, 
such as urea and thiourea derivatives. In most cases, the produas are effective as stabil- 
40 izers m amounts varying from 1% to 5% by weight of the polymer being stabilized. 40 
1 he epoxy materials may be combined with the halogen-containing polymer by any 
suitable method, such as by dissolving the products in a suitable solvent or by milline 
the products together on a suitable roll mill. 

The new epoxy ethers are particularly attractive for use in aqueous systems where 
45 the methylol group or groups facilitate the dissolution or emulsion of the resin in the 
water. This makes the new ediers of value in makuig water-based coating compositions, 
adhesives, impregnating compositions, solutions for treating cloth, paper, leather and 
the like, to impart improved properties thereto. 

To illustrate the manner in which the invention may be carried out the following 
50 examples are given. It is to be understood that the examples are for the purpose of 
illustration and the invention is not to be regarded as limited to any of the specific 
compounds or conditions recited dierein. Unless otherwise specified, parts disclosed in 
the examples are parts by weight. 

Example I 
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This example illustrates the preparation and some of the properties of a mono- 
methylol-substituted diglycidyl ether of 2,2-bis(4-hydroxyphenyl)propane having the 
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'lr> p.iiis (1)..^. iiiol; (i! hts^'l livtlti»xvi»''<*'iylyPi<M^-""' ^^'••»<* dissolvrtl in /^.4 

part oi MnMlKiiidl ami to llii-. iniMnn" \K<u' ;:tltlc(l IS pail'. inol; of n */ / 

ioitnaliii ?.oltili(ui. and /I S pans (0.1 iiiol; «>1 :i A)/ a^iurmis stulinin hytfroxiilr utlii- 
ti(ui. riiis inixiiiiv w;is liraictl Inr alxiiil .'.O iiiiiuihs :il H/' i) The rtMClioii iiiixhnr 
WAS llu-n fu iitiali/rtl willi diliifi- snlphuiii lu 'u\ ami ihr nii*tlian(»l rriiitiv(\i by difilillu 
lion. A K'li iimlai rxi i ss ol pii lil'u'oliyilrin was ilirii atUli tl lo (lie r( :u litMi nnxltiiv iiiul 
llu' niixtmv Mined :il nxnii liiiipfiatiirr. '\'hr loinhiiird mixtun- was thru allowed lo 
slaiid Ml rooji) tc-inpriatiire inilil liic wain phase h.ui separaied I lie {)rv,ajn\ phase wat 
ihen reinovetl and eoiiiliineii willi 25/, liy wi ij'.lil oi mrthaiioi. I his sohiliori Wiin 
liealed lo relhix luid eoiu eiilraled sndiiiiii liydioxide sohilioii atldcil lo p,ive exir-tn 
hasei! upon llie phenol. At llie conclusion (»! llie leufion, llie exces.s cpicldoroliydnn 
and nielhanol were reniov.vl. 'I'he resuhinf: proilm i was ihi-n dissnlved in nieihyMs(t 
butyl krlonir antl lillered lo remove the saU. J he mixture was then .sirip|>ed m 
at Z iwiu to rrmove tlie ketone solvent and yield th/ desired viscous thick siilistanliidlv 
colourless resin havinj^ the strucinre noted above Analysis indicated the j>roducI hiul 
an epoxy value of 0.44 eq/lOO a hytiroxyl value of i).297 eq/lUU g, chlorohyilrifi 
value of 0. MS eq/I()() y„ chl(»rine value of 1.1';':. w ami a molecular weight of A?M I 
21). Calc. values ;irc cpoxy 0.54 ecj/lOO hydroxyl 0.27 eq/100 g, niol weight 170. 

1*XAMI*I.F. II 

riiis example illustraiis ihe rapiil rnir of cure obtained with the new iiirihylol- 
substituted epoxy ethers. 

100 parts of the methylol subhliluled glyeidyl ether produced in ihr preceding 
example were combined with 10.9 parts of dirthylene triaminc. The disappranincc of 
cpoxy groups was determined against lime ai 75' J' by near infrared spcciography and 
the results plotted on the giaph shown in iMgure 1 (hue A) in which the alKtssae are 
the hours at 75''C and tlie ordinafes arc the epoxide content as a percentage of ihc 
original. Similar resultK wciv: clclermincd for a related mixture prepared from the lui- 
snbstitnted glycitlyl ether and the dielhylcne triamine. The results in tin's hitter case 
are shown in line IJ. An examination of the graph clearly illustrates the rapid rate of 
cure (disappearance of cpoxy groups) oinained witli the new mcihylol-suKstitutcd gly- 
cidyl ethers. 

HXAMPM{ III 

This example alH(» illustrates the rapid rate of cure obtained with the new nicthy- 
lol-substituled epoxy ethers. 

The monomethylol-subHtitutcd glycidyl ether prixiuced in Itxamplc I was com- 
bined with 8.7 parts (per 100 parts of ether) of diethylcne triamine and 80 parts of 
dioxane and the mixture cured at room temperature. The gel time for this mixture 
was 1.0 hours. In a related experiment using 11.4 parts of the diethylcne triaminc with 
the glycidyl ether of the unsubstitutcd bis-phcnol, the gel time was 8.4 hours. 

The above experiment was prepared at 50 XI. The unsubsliiuicd cilu^r had a gel 
time of 25 minutes while the new mcthylol-sub.stituied ether had a gel time of only 3 

minutes. , , , ^ . . 

A 50 — 50 mixture of the unsubstituted glycidyl ether and ihc mcihylol-substituied 
glycidyl ether produced in Example I cured with 10 pans of diethylcne triamine and 
no solvent in 7 minutes. 

Example IV 

JOG parts of the methylol-substituted glycidyl ether produced in Example I were 
combined with 6 parts of diethylcne triamine and tho mixture spread out as a thin 
ftlm and cured at room temperature. The results arc compared with those obtained 
from a similar film prepared from diethylcne triamine and the unsubstitutcd glycidyl 
ether: 

Monomethylol- 
substituted Unsubstitutcd 

Drying Time (set to touch) 10 minutes 45 minutes 

Dry hard 2.5 hours 3.5 hours 

Solvent Resistance — 15 minutes contact 
with Methyl Ethyl Ketone after 24 hours 

cure No effect Very soft 



The above experiment was repeated with the exception that the cure was accom- 
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plished at a lower temperature (40^F). The film set to touch at 1.5 hours and was dry 

«^^r.^ fl •J!?.^'^^* ^^'^ ^^'^^'^ temperature also gave a product which had im- 

proved flexibihty and impact resistance. 

Example V 

'.u Ti nf»«>nomethylol-substituted glycidyl ether produced in Example I was combined 5 
'^nZ^^^ of meta-phenylenc diamine and the mixture heated at 200°C for about 
4 hours. The resulung product was a hard insoluble infusible casting having a heat dis- 
tortion point of 260°C. If the heating were continued to 5 to 6 hours, the heat distor- 
tion point would be around 300°C. 

\ ""^^^^^^ experiment, the diglycldyl ethers of the unsubstituted 2,2-bisr4- 10 
^J^r^l^^^^^ combined with 14 parts of meta-phenylene diamine ^d 

?50or \ ^^^^ ^^^^^g a heat distortion point of only 

^ further experiment, a glycidyl ether of an unsubstituted phenolformalde- 
15 ^t^^^ with 16 parts of metaphenylene diamine and heated as above. 

15 The product in this case had a heat distortion point of 190°C 15 
A companson of ije above results clearly indicates the unexpected superior im- 
provement obtained in heat resistance by the use of new epoxy ether of die invention 
^, Example VI 

. . The monomethylol-substituted glycidyl ether produced in Example I was combined 
l^t^^y^ f the following: 89 parts (per 100 of resin) of Nadic metM 20 
^Z^f-^:'^^'^^^^^ anhydride) and one part of benzylSthJ! 

amine and an equivalent amount of hexahydrophthalic anhydride and 1 part of benzvt- 
dimethylamme The mixtures were heated to 150-C. The resulting casS are ^^^ 
insoluble infusible products having high heat distortion points. 



■0, 



25 



30 



„ Example VII 

*^."^°"om«%l?l-substituted glycidyl ether produced in Example I was combined 
wth vanous proportions of the following components and cured in the presence 
?5V^ hr.i"'' ™™ °' diethylcne triaminej iO% refined coal tar, 20% middle oil, 
30 W tifiSS ^ '^''^ ^"^"^ 

_ Example VIII 

. . ^. ^??"?P'l illustrates the preparation and properties of a tetramcthylol-substi- 
tuted diglycidyl ether of 2,2-bis(4-hydroxyphenyl)propMe. -™«nyiw suDsti 

« I 2.2-bis(4-hydroxyphenyl)propanc were dissolved in 300 parts of meth- 

\n '° r^". «<i«l'=d 400 parts of a 37% formalin solutio^ 47 parts of « 

20 /o aqueous sodium hydroxide solution and 300 parts of water. This iniwuie\vas 
lowed to stand at room temperature for six days and then 320 parts of a 37°/ formalin 
solution were added and the mixture allowed to stand for an additional eight days 
mixture was neutra hzed with dilute sulfuric acid and then distiUed to reJoTC ^ 

40 methanol. A ten molar excess of epichlorohydrin was added and the mixture stirred at m 
room temi^erature. The mixture was allowed to stand until the water ph^ seSed 
J^J^^^'^"' P*^''^^^^ removed and combined with 25% by weight of methanol. The 
solution was heated to reflux and concentrated caustic was added to give 5% excess 

45 thlorohydnn and methanol were stripped off at 125-130°C at 25 mm. The product 45 

f'lano^*'^'^. '"^"'•y^ filt^^^'^ to '•^move the salt and stripped 

at 130 t- at 2 mm to give a soft solid resin having about four methylol groups per bis- 
phenol group. The product had an cpoxy value Of 0.25eq/100& OH value 0.77 eq/100 

50 Example IX 

This sample illustrates the preparation and some of tlic properties of a dimethvlol 
subsatuteddiglyddyl ether of the foUowing formula c, 01 a aimetnyioi 



WMs iM-rpMrrd hy .fiv.nlvini; iMir. ul I>''>(4 ■ liyiiroxyphrnyl ypiciiMiic in ^'(MJ 

naif, (it nirih;m<>l ■mu\ in tliis niixiiifr w.-.c U. p.uis ol rpic lilonihydrin, 2S puHn 

ol ,^.07:, JKpiiM)n«. MKliinn hyJioxMlc mm*! jMrl:. nl w;ii('r. lUc solntmn w;is ri'Hiixnl 
for / IiMuiN ;il 7'l ■<: iittiM whirh ilu- trmpcraiurr u.is imImiI 10 ISO C by iviiKWin)' ilu- 
M)lvcnl Thr pnulin i IjJini.d by tliis irm lion ihr ionniila 



<>?'(>»-?-M)rc)« 

1(1 tlir aliovr cIcm rihcd i\':irlioii inixintv wi iv adilotl SS parts of 37/, formalin 
s(iiuii(»n /"^ pan-, ol 20/ aqueous sotliuiii liyiln.Niilr and /S parls of waUr and ^0 puns 
ul niftljam)!. I'liis niixinrc was n'Miixc-d at VO'C fnr ]// hour. Tht: mixture was ihril 
iKMiirali/nl with \S / sulpliiirie acid and tlir mriliano! slripprd olT. H40 Parts ol rpi- 
t Ijlorohydrin we re us.d lo dissolve tin- irsin iinil ihr inixlmv was allowed to stand until 
an aqueous and ort^anic phase separated. The orKimii pliasc! was removed and coinbinrd 
with 1^0 pans of methanol and 4(1 pnris of coneemial.'d sodium hydroxide solution. 
This mixture w.-.s reflnxed for 1/2 hour and ill - M>lvents were removed at 120 at 
mm 'i'he result io|; produei wliirh was :i mixliire of resin and salt was dissolved in 500 
pans of methyl ethyl ketone and lilterctl. The lilt rate was stripped at a temperaliire ol 
lW(:/2 mm to remove the solvent. The result in^ product was a hard solid rr?nn 
havinj? ihr above structure and nn epoxy vaUie of ().2r» eii/100 bydroxyl value 0.4«J 
eq/IO<) g luid a molecular wri^-hl of 620. The calculated viilues are: ipoxy value 0. <0 
t q/lOO p„ hydroxy value 0.44 cq/KM) and mol weifj;h! at 6K4. 

l^XAMI■t.I^ X 

This example illusiraies the preparation and properties of a dimelhylol substituted 
diglycidyl ether of 2,2-bis(4-hydroxyplienyl)propane having the structure 

0 ^ ClU M CH3 OK 



228 parts of 2,2 - bis(4 - hydroxyphcnyl)propanc, 170 parts of diglycidyl ether of 
2,2 - bis(4 - hydroxyphenyl)propane and 175 parts of methanol were combined together 
and 2 parts of potassium hydroxide added at room temperature. The mixture was heated 
to 145°C for one hour and the methanol was removed by distillation. The resulting pro- 
duct was a polyhydric phenol of the above structure free of die epoxy cdier groups and 

free ^[l^^^^^^^^^^^^^i ^^rc added to the reaction mixture along witli 85 parts of 
37% formalin 30 parts of sodium hydroxide and 50 parts of water. This mixture was 
refluxed for 1>2 hour. The mixture was neutralized with sulphunc acid and the meth- 
anol removed by distillation. A ten molar excess of epichlorohydrin was then added and 
the product allowed to stand at room temperature. The mixttire separated into an 
aqueous and organic phase and die organic phase was removed and combined with 25 A 
by weight of methanol. This mixture was heated to reflux and 5 /, excess of, concentrated 
sodium hydroxide added. At the completion of the reaction the excess epichlorohydrin 
and medianol were stripped at 125-130°C at 25 mm leaving a desired rcsm salt niixwrc 
The oroduct was dissolved in methyl ethyl ketone, filtered and then stripped to yield the 
desirol resin. The resulting product had the above-described structure and had an epoxy 
equivalency of 0.188 eq/100 g. 
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, Example XI 

The polyepoxide resins produced in Example I, VIII to X, were combined with 
equivalent amounts of each of the following epoxy curing agem : dicySmider^^^^ 
ethylene tnamine, boron tri fluoride-ethyl amine complex, ediyl maleic aXdride, m^a- 
^ polyamide of dimerized linoleic acid and ethylene d amine. 
Srf^L'^ '^'''^^ we^e heated at 100°C for several hours. In cach^se 

hard clear resins were obtamed. 

^, Example XII 

mn. nrnn'lJ^'rH '^"fe^^^^ diglycidyl ether of 2,2 - bis(4 - hydroxyphenyl)pro- 

pane produced m Example I was combined with a variety of different proportions of 

d?.^JnW^^ '*t'/- ^.^^^ V'^^'T^ '^^^^^ shown iSTStTc^ed 

fn^nlvr^^-" ""^^'^ ^'i?'' t ^^^^^ the weight per cent of dilu- 

ent and the ordmates are the Brookfield viscosity in poise at 25^C. E^ch of these low 

Ind?. ?nnoT>''^r^^^^ ^^'^ equivalent a^oum of meta-phenylene d^^^^^^ 

and cured at 100°C. The resultmg products are hard tough insoluble castings ch 
possess outstanding heat distortion points. insoiuoie castmgs which 

Example XIII 

n.n. nrL?.''"^'''?^'i^^''^''V^'T f^^^^^^^^ ^.2 - bis(4 - hydroxyphenyl) pro- 

Xr^f H h H ^""^^^^ } ^'f if combined with various proportions of gliddyl 
tn rL L^YrP'^^^^^ viscosities of the resulting solutions are shown 

was ron^lln^^^^^ "^^r"^' ^'^'^f " ^^^^ ^^^^^^ty solution 

Tmoc rLT X^ equivalent amount of meta-phenylene diamine and cured a 
lOO^C. The resulting products are hard tough resins having heat distortion points 

Example XIV 

100 parts of the monomethylol-substituted glycidyl ether produced in Examole I 

^^^^n^^^^rV-"" ^'^""'^l .^ino-containing polyamide of dimiiSTnoleic 
acid and dicthylene triaminc. The mixture was spread out as a film and cured at 40C 
and another set at 24°C The results are shown below: « a mm ana cured at 4 C 



4^C Cure 



Drying Time 

set to touch 

Dry Hard 
Flexibility, mandrel 
Pencil Hardness 
Solvent Resistance 

Methyl isobutyl ketone 

xylene 

water (cold — ISminutes ■ " " 

WHAT WE CLAIM IS : — 

1. As a novel compound a polyglycidyl ether of the formula 



25 minutes 

7,5 hours 
passed J inch 
HB 

no effect 



24^C Cure 



40 minutes 

2 hours 
passed i inch 
HB 



no effect 



3> 
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A 



en. 



CH. 



CH3 



45 



7^Zi^ ""-It ^" ^"'^gfV^'''" ° ^^.^"^ ^^^^ p-phenylene radicals is sub- 

stituted with a methylol group, no other substituents being present. 
2. A glycidyl ether as claimed in claim 1 in which x is from 0 to 5 

per mikcuk ""'"^^^ ''^^'"'''^ ''^'^'^ ^ ^^"^""^ ^""^"^ methylol groups 

4. A glycidyl ether as claimed in any of the preceding claims having the formula: 

A r 9« T 



wherein R is a bivalent 



45 



..roup, wluMvin K, aiu\ K m.v hydrnj.yn or rin'tl.yl.W ,'">'»P^ -'"^l ^ fr(»ni H 

tn 10 wilh tlx- jucwiso Uial in ;il Iris? our K al Ir.r ( (nir K. is a nulliylol |',nmp. 

V A j'Jv^ i^^y' c lainuii in ( laiiii '1. whciviii x in llic nuiUvuIar forinnla in ii 

nnnilHT Inmi 0 to *> aiitl each K is a imMliyKil snliMitutiii 



6. As a novel cninpoiiiKl ii Kly< '**y' ^^^^^^ f i»niiula : 



7. A plycidyl ctlicr as claimed in cliiiin 4 in whicli R is ;i 
group. 

8. A glycidyl ether as claimed in claim 4 in which R is a 



9 A process for the preparation of a glycidyl ether as claimed in any one of claims 
4 to 8 which comprises rcaaing a 2,2 - bis(4 - hydroxyphenyl)propanc subsututed on 
an aromatic ring with as only substitucnt at Icaat one mcdiylol group per molecule with 
epichlorohydrin or «-dichlorohydrin in a mole ratio of at least 1: 1.1 m the presence of 

an alkaline material. i_ i i u 

10. A process as claimed in claim 9, wherein the mole ratio of mcthylol-substituted 
2,2 - bis(4 - hydroxyphenyl)propane to epichlorohydrin or or-dichlorohydrin is from 

^ ' ^ ^ll! A process as claimed in claim 9, wherein the mole ratio of methylol-sulwtitutcd 
2,2 - di(4 - hydroxyphcnyl)propane to epichlorohydrin or «-dichlorohydrin is from 

^ ^ ^2^ A process as claimed in any one of claims 9 to 11 wherein the alkaline material 
is an at least chemical equivaalent mount of an alkali hydroxide based on the phenolic- 
hydroxyl content. 
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13. A process as claimed in any one of claims 9 to J2, wherein the reaction is con- 
ducted at temperatures from 50^C to 150°C. 

14. A process as claimed in any one of claims 9 to 13, substantially as described in 
any of the Examples I and VIIL 

• «. A P^?^^^? preparation of a compound as claimed in claim 1 substan- 

tiaUy as described in Example IX or X. 

16. Glycidyl ethers, substantially as described in any of the Examples I and VIII 

to Am 

. . iT" A process for curmg a glycidyl ether according to any one of claims 1 to 8 and 
16 which comprises reacting the glycidyl ether with an epoxy curing agent of the group 
consisting of amines, amino groups containing polyamides, polycarboxylic acids and 
their anhydrides, boron trifluoride and its complexes, metal salts of inorganic acids, 
hydrazides, polymercaptans, urea-formaldehyde and phenol-formaldehyde condensates. 
18- A cured product obtained by the process as claimed in claim 17. 
" A cured product obtained by reacting a mixture containing a glycidyl ether 

according to any one of claims 1 to 8 and 16, and a dissimilar polyepoxidc with an 
epoxy curing agent of the group defined in claim 17. 

20. A cured product obtained by reacting a mixture containing a glycidyl ether 
according to any one of claims 1 to 8 and 16, and a monoglycidyl ether diluent with an 
20 epoxy curmg agent of the group defined in claim 17. 

TTTT ^t^^t5^°^"^' substantiaUy as described in any one of the Examples II to 
Vli ana a1 to XIV. 

22. A laminate comprising a product as claimed in any one of claims 18 to 21. 

For the Applicants, 
CARPAIAELS & RANSFORD, 
Chartered Patent Agents, 
24 Southampton Buildings, 
Chancery Lane, London, W.C.2. 
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